Background: Concussive events frequently occur in high impact sports such as North American football. The long term effects of concussive events on physical and psychological wellbeing are the focus of ongoing research. The purpose of this study was to determine if concussive events increase the incidence of depression in active semi-professional and professional North American football players.
INTRODUCTION
In the sporting community, and especially North American football (football), a new importance has been placed on properly diagnosing and treating concussion injuries as a result of evidence indicating that these mild traumatic brain injuries can have lasting neurological effects which may lead to degenerative diseases such as early Alzheimers and Parkinson's syndrome as well as symptoms of depression [1, 2] . On an annual basis football-related concussions alone occur to an estimated 43,200 to 67,200 athletes [3] .
Professional football players in the National Football League (NFL) sustained a total of 758 concussions during the 2002-2007 seasons [4] with 152 players having sustained multiple concussions [5] . Recently Baron et al. [6] observed
Journal of
Lifestyle Medicine in retired NFL football players (n = 2,552), a 5-fold increase in prevalence of mild cognitive disorders and a threefold increase in prevalence of significant memory problems in players who experienced three or more concussions verses those who sustain fewer than three concussions [6] . Although unable to establish cause-effect, Baron et al. [6] did provide additional evidence supporting the association between multiple concussions and increased risk of neurodegenerative diseases.
Casson et al. [7] recently found from a sample of retired NFL players (n = 45) that 32 had sustained three or more concussions and of these players, 13 were found to have suffered from depression. In a similar study Didenbani et al. [8] examined depression symptoms and concussions in retired NFL players. The results indicated that there was a significant positive relation between number of sustained player concussions and cognitive depressive symptoms. It should be noted, in the two aforementioned studies [7, 8] that the Beck Depression Inventory (BDI-II) was used to assess depression at the time of the study, hence reflecting current state or symptoms of depression, providing little temporal information regarding the relationship of depression and concussion.
Schwenk et al. [9] examined depression and pain in retired NFL players. The results indicated that retired NFL players experienced symptoms of depression at levels consistent with the general population. The instrument used to assess depressive symptoms at the time of the study was the PHQ-9, a screening questionnaire known for a significant rate of false positives [10, 11] .
An additional pair of recent studies have focused on concussion and depression symptoms in retired NFL players [1, 12] . The initial study by Guskiewicz at al. [1] focused on the relationship of concussion and being diagnosed with depression in retired NFL players (n = 2552). The results of the study indicated that players who had sustained 1-2 concussions were 1.5 times more likely to be diagnosed with depression than players who had not sustained a concussion.
Further, players who reported ≥3 concussion were 3 times more likely to be diagnosed with depression then players who had not sustained a concussion. The purpose of the second study by Kerr et al. [12] was a nine-year follow up to the Guskiewicz at al. [1] report which attempted to prospectively determine the effects of concussion occurrence on clinical diagnosis of depression in retired NFL players (n = 1044). During the 9-year study period 106 players reported being diagnosed as clinically depressed. Additionally, the results of the study indicated that there was a strong dose response relationship between the number of self-reported concussions and 9-year clinical diagnosis of depression.
It should be noted that in the two aforementioned studies [1, 12] that the method of determining depression occurrence was based on the investigators asking the players "Have you ever been told by a physician or health care professional that you had/have any of the following conditions?" Where one of the conditions enquired about was depression [12] . The researchers in these studies did not state who the health care professional was (general practitioner or psychiatrist, etc.). There is lack of consensus between how psychiatrists and general practice (GP) physicians diagnose depression [13] where the majority of patients with depression are treated by GP physicians [14] .
The lack of shared understanding between psychiatrists and GP physicians regarding the diagnosis of depression is beyond the scope of this manuscript. However what is important is that there is a clear lack of inter-rater reliability regarding the diagnosis of depression and an issue that must be kept in mind when attempting to interpret the results of the studies in question [1, 12] . Further confounding the issue of clinical depression diagnosis has to do with the explosion of individuals diagnosed with depression during the time frame of the Guskiewicz at al. [1] and Kerr et al. [12] studies [15] . The clinical diagnosis of depression among
Medicare patients increased by 100% between 1992-95 and 2002-05 [16] . According to Dowrick [15] , this increase in depression diagnosis rates is not due to GP's improved ability to identify depression disorders but rather a result of "medicalising of unhappiness", a likely outcome of the broadening of depressive disorders introduced by the DSM-IV [17] .
Psychology based research has fallen under considerable scrutiny given the poor rate of reproducibility, a "defining feature of science" [18] . A study published in Science in august of 2015 [18] 
MATERIALS AND METHODS

Participants
The sample population for this study was active semi-pro- Only current football players were recruited.
1) Instruments
A web-based Qualtrics Survey was used to question participants on the following: league (Professional or Semi-Professional), position played, years played, if a concussion has ever been sustained and if so, and how many.
If the participant answered "no" to having ever received a concussion, the survey was terminated and the participant was excluded from further questioning and subsequent data analysis. If the participant responded "yes", they were then asked to answer a number of questions from the Center for Epidemiologic Studies Depression (CESD-R) Scale [19] , 
Procedures
The current study and the participant informed consent These individuals were given informative recruitment letters to hand out to interested current NFL players. In order to participate in the study, players must have sustained at least one concussion. Within the context of the present study the term "concussion", is defined as a direct blow to the head, face, or neck with an "impulsive force transmitted to the : Some Semi-Professional football players were multi-position. head that may result in neuropathological changes and may or may not involve a loss of consciousness" [21] . Players that chose to participate were given a link to the Qualtrics Survey regarding their past concussion history and the CESD-R scale.
Statistical analyses
An independent t-test was used to find if players who 
RESULTS
A total of 51 participants agreed to take the survey.
However, do to the inclusion criteria (∼a concussive event), only 35 of the 51 willing participants were eligible to take the surveys. Eight of the 35 eligible participants did not finish the surveys. Hence the data provided below is based on a participant pool of n = 27. Participant demographics and position played can be found in Table 1 .
The 27 participants who previously sustained one or more concussion(s) were asked to complete the 20 question CESD-R form. Of the 27 participants, the mean CESD-R scores can be found in Table 2 . Players who scored ≥16
(n = 16) on the CESD-R survey incurred a significantly greater number of concussions compared with those who scored ＜16 (n = 11) (p = 0.0004). Players with a history of three or more concussions scored significantly higher on the CESD-R survey when compared to players that had a history of two or less (p = 0.03), see Tables 2 and 3 .
After reviewing the data (histograms), we were concerned that the assumptions of normality and equal variance might be in question, noting that the independent t-test is robust in regards to these assumptions [22] . Hence, confirming is initial statistical analysis.
DISCUSSION
The purpose of this study was to investigate if the number of concussive events leads to an increased prevalence of depression in active professional and semi-professional North
American football players. The results of the studied sample indicate that professional and semi-professional football players who experience a greater number of depressive symptoms have also suffered a greater number of concussive events. This is evidenced in our study in that those who met the CESD-R criteria for clinical depression had sustained a significantly greater number of concussive events. Furthermore, players that had a concussion history of three or more also scored significantly higher on the CESD-R survey. We also explored the direct relationship between concussive events and the CESD-R survey score (Pearson correlation ∼r) which yielded a significant positive moderate relationship (r = 0.37, p ＜ 0.05) [23] . This moderate positive relationship between concussive events incurred and the CESD-R survey score was independent of years played. Of particular concern is the fact that 100%
of the participants that experienced 3 or more concussive events were assessed as clinically depressed per the CESD-R survey. In contrast, the lifetime prevalence of major depression among US male adults has been estimated to be 12.7% [24] .
Previous results corroborate the present findings.
Guskiewicz et al. [1] reported that NFL players with a history of three or more previous concussions were three times more likely to be diagnosed with depression, and those with a history of one or two previous concussions were 1. should also be noted that Kerr et al. [12] provided evidence from a prospective study that there is a possible causal relationship between concussive episodes and depression in retired professional football players.
A study by Schwenk et al. [9] reported that retired NFL players (n = 1617) experienced depressive symptoms comparable to the general population. However, the Schwenk
[9] study did not examine subpopulations on NFL players such as those having sustained at least one concussive event.
With that said, we were unable to make a direct comparison between the Schwenk [9] study and the current investigation. However, it should be noted that in the current study that the CSED-R criteria for depression was met by 31% of the participants who sustained 1 or 2 concussive events, far greater than the depressive symptoms reported in the Schwenk [9] study.
The results of the current study also agree with results of prior studies in different sub-populations regarding the relationship of concussion and subsequent depression.
Specifically, Chrisman et al. [25] (n = 36,060) and Barker et al. [26] (n = 14,082) both found elevated risk of depression diagnosis in adolescents with a history of concussion.
Holsinger et al. [27] reported an increased lifetime risk of depression in head injured US World War II veterans (n = 520) and the risk was greatest for those who sustained severe head injuries. Finally, Kerr et al. [28] recorded an association between sustained concussions and severe depression in former collegiate athletes (n = 797).
Also of interest and an area for future study is the poten- In summary, our data suggests that concussions are associated with depression in active North American semi-professional and professional football players. We have also compared and contrasted the results of the current study with others who have examined concussion and depression in retired NFL players, adolescence, collegiate athletes, and young adults [1, 7, 8, 12, [25] [26] [27] [28] . Likewise, we have reviewed additional sources of stressors that could contribute to depression in retired NFL players. The preponderance of the evidence strongly suggests that concussions are linked to depression in NFL players active and retired.
Untreated depression can lead to suicide [40] . Approximately 1/3 rd of the retired NFL players in the Schwenk et al. [9] study were unaware that the depressive symptoms they were experiencing were even important. With that said, how would these individuals know to seek out treatment? We suggest the following three straightforward strategies:
• The social and professional structures surrounding these athletes need to be made aware of the increased risk of depression and help the athletes monitor for symptoms so that appropriate treatment can be sought if
warranted. This would include friends, family, coaches, athletic trainers, team and personal physicians all of whom could be in a vantage to help the players monitor for depressive symptoms such as anger, irritability, substance abuse or overtraining [41] .
• The CESD-R is available on the web [42] and can readily allow for self-monitoring of depressive symptoms and condition. Retired and active football players should periodically use an instrument such as the CESD-R in order to self-monitor for depressive symptoms. The CESD-R website also has crisis hotlines in the event that an individual needs immediate help.
• Physical activity has been found to be an effective treatment against depression [33] . Further, vigorous physical activity has been shown to be protective in regards to preventing depression in aging retired athletes [43] . Retired football players should maintain a highly physical active life style as a countermeasure to help offset the risk of depression. In fact, these retired athletes might consider competing in master's athletic games where participants have reported positive social, psychological, and physical health benefits [44] [45] [46] [47] [48] [49] [50] .
We believe these three simple strategies may provide an effective front line defense against the development and/or progression of depression in active and retired football players. Given that there is a lack of understanding as to the ideal assessment of depression in athletes [41] , it would seem prudent that a multifaceted approach be employed where the social and professional structures surrounding
